Torasemide is a new loop diuretic with a longer half-life and longer action than furosemide in healthy subjects. In order to evaluate the pharmacodynamic effects, single oral doses of furosemide (80 mg) and torasemide (20 mg), which were equipotent in healthy subjects, were given to 14 patients with cirrhosis and ascites. Before the study patients underwent an equilibration period of 4 days without diuretics. The drugs were alternated following a randomized double-blind cross-over design after a wash-out period of at least 2 days. Urine was collected at defined intervals for 24 h after drug administration and blood samples were taken before, 6 h and 24 h after medication. Torasemide induced greater cumulative 24 h diuresis (2863 + 343 vs. 2111 + 184 ml, p<0.01) than furosemide. Torasemide did not differ from furosemide for cumulative 0-6 h sodium excretion (96 -I-17 vs. 92 + 23 mmol sodium) but caused a more pronounced cumulative 6-24 h natriuresis (38 ___ 11 vs. 17 _ 4 mmol, p<0.05). Five patients exhibited a weak response to furosemide (0-36 mmol sodium/24 h, median 24 mmol; 690-1460 ml urinary volume/24 h, median 1325 ml). These patients showed significantly higher natriuresis and diuresis following torasemide (26-136 mmol sodium/24 h, median 78 mmol, p<0.05; 1670-3610 mi urinary volume/24 h, median 2200ml, p<0.05). Twenty-four hours after administration of both drugs there were no significant changes in hemodynamic, renal or hormonal parameters. No adverse effects were noted with either treatment. These findings suggest that torasemide might be more advantageous than furosemide in the treatment of ascites due to cirrhosis.
Introduction
In cirrhosis with ascites and decreased effective blood volume the most commonly used loop diuretic, furosemide, may lead to the activation of sodium retaining hormonal systems (1-4), due to its rapid onset and short duration of action. Torasemide is a new loop diuretic of the pyridine-sulfonamido group (5) , which exhibits a longer half-life and longer action than furosemide in healthy subjects (6) . This diuretic has been found to be more effective than furosemide on a molar basis and, due to its nearly complete bioavailability (7) , is equally efficient following oral and parenteral administration. In the present study, single oral doses of torasemide and rhosis was alcoholic in 1 I, posthepatitic in 2 and cryptogenic in 1 patient. All patients were non-azotemic (serum creatinine levels below 2.0 rag/100 ml), and all serum electrolytes were in the normal range. There was no evidence of heart failure, renal disease, hypertension, diabetes, encephalopathy or recent gastrointestinal bleeding. The nature of the study was explained in detail to the patients and written consent was obtained. The study was designed and performed according to the principles of the Declaration of Helsinki and approved by the local ethical committee.
Protocol of the stud),
The investigation began with an equilibration period of at least 4 days without diuretics. Drug administration was followed by a 24 h observation period. After a washout period of at least 2 days and administration of the other drug there was another 24 h observation period. During the study patients received a regular diet and did not receive any other diuretic medication. Baseline renal function parameters were investigated in 7 patients and were not different before treatment with either drug. Single oral doses of torasemide (20 mg) and furosemide (80 mg), which were found equipotent in healthy subjects (8) , were given to patients on the first experimental day and alternated on the second day of observation according to a randomized double-blind cross-over design. During these days urine was collected at defined intervals for 24 h (0-2, 2-4, 4-6, 6-8, 8-10, 10-24 h) and analyzed for volume, sodium, potassium and chloride. Blood samples for electrolytes, creatinine and other parameters were taken before and 24 h after drug administration. Blood pressure and heart rate were determined at the same time. Blood samples for plasma renin activity and plasma aldosterone concentrations were collected under basal conditions, 6 and 24 h after administration of the diuretic, with patients remaining in the supine position for 1 h preceding the collection. Sodium, potassium and chloride were determined by flame photometry, creatinine by the conventional colorimetric method of Jaffe, and plasma renin activity and plasma aldosterone concentration by a radioenzymatic method as described previously (9) .
Statistical analysis
Results are expressed as the mean and standard error. Statistical significance was tested by a paired and unpaired Student's t-test, respectively. A p-value of less than 0.05 was considered significant.
Results
There was no difference in cumulative sodium excretion between torasemide and furosemide 0-6 h after drug administration (Fig. la) . However, in the 6-24 h interval torasemide induced significantly higher natriuresis (38 _+ II vs. 17 +_ 4mmol sodium)( Table 1) . Urinary volume was significantly higher following torasemide administration (Fig. lb, Table 1 ), and body weight 24 h after administration was reduced by 
3000-following torasemide (not significant).
25oo-Serum electrolytes and creatinine, blood pressure and heart rate were not significantly different 24 h after 2oo0. administration of either drug (Table 2) .
15oo-In relation to the responses to both drugs in individual 1OOO" patients, the 5 patients with the weakest response to furosemide showed a markedly greater response to tora5o0-semide: median 24 h sodium excretion 24 vs. 78 mmol o (p < 0.05), median 24 h urinary volume 1325 vs. 2200 ml (b) (p<0.05) (Table3, Fig. 2a,b) . In these patients body weight was reduced by torasemide (0.20 _+ 0.77 kg), but increased 24 h after furosemide (by 0.12 _+ 0.67 kg). In the other 9 patients, compared to furosemide, torasemide induced a slight, but not significant increase in natriuresis and diuresis (Table 3 ). The 5 patients who responded poorly to furosemide did not differ from the other 9 patients regarding age, renal function or liver function. However, these patients did have an increased basal heart rate and decreased blood pressure as well as a trend towards higher basal plasma renin activity and plasma aldosterone concentration (Table 4) .
Discussion
In our study a double-blind randomized cross-over trial was used with each patient as his own control. The effects of 20 mg torasemide were compared with those of 80 mg furosemide orally once per day without any other diuretic treatment.
The results of our investigation indicate that although the effects of torasemide were not different from furosemide for natriuresis in the first 6 h following administration, torasemide does significantly better in the 6-24 h interval. The effects on urinary volume were significantly greater for torasemide than for furosemide. The effects on plasma renin activity and plasma aldosterone concentration, however, were not different for the two drugs. Therefore, differences in the activation of the reninaldosterone system are not a likely explanation.
The natriuretic potency of torasemide and furosemide in healthy subjects has mostly been investigated with a dose ratio of 1:2 on basis of weight (6, 12) . Whereas in these studies the ratio was equipotent, in patients with oedema of various origins the ratio shifted to approximately 1:8 (13) . Studies on patients with cirrhosis and ascites used a 1:2 or 1:2.5 ratio of torasemide and furosemide (10, 11) . For the present study we chose a 1:4 ratio. This was based on two considerations: (a) We intended to have a slightly conservative approach and use lower torasemide doses relative to the furosemide doses than in other studies (6, (10) (11) (12) . (b) In another study in healthy subjects using the same protocol with 20 mg torasemide and 80 mg furosemide we found an equal natriuretic and diuretic effect for both doses (8) .
Two studies comparing torasemide with furosemide in patients with cirrhosis and ascites have been published so far (10, 11) . The differences in design, however, make discussion and comparison of their results with ours rather difficult. Brunner et al. compared a single oral dose of 20 mg torasemide to 40 mg furosemide. Unfortunately the patients had no interval without diuretics before the study and received furosemide until the last day preceding the investigation. This study does not provide information on the administration of aldosterone antagonists, diet or the conditions under which the patients were kept preceding the study. Ten patients were randomly assigned to the .torasemide and 9 to the furosemide group. Both groups differed in age (approx. 10 years), weight (approx. 5 kg), systolic blood pressure (7-12 mmHg) and heart rate (6 bpm). In this investigation a longer diuretic action was found for torasemide, but there was no difference in urinary volume or sodium excretion 24 h after administration of either drug.
Laffi et al.
(1 1) investigated 24 patients with cirrhosis and ascites under standard diet hospital conditions, 5 days after the initiation of a diuretic therapy of 200 mg daily of an aldosterone antagonist. The patients were then randomly assigned to receive either 25 mg furosemide or 10 mg torasemide orally once a day for 3 days. Under these conditions a significantly higher loss of body weight and a significant increase in natriuresis were observed with the aidosterone antagonist and torasemide combination than with the aldosterone antagonist and furosemide.
Our finding that the 5 patients with the weakest response to furosemide showed a marked and significantly better natriuresis and diuresis after torasemide is of particular interest. This is probably not due to cross-over effects, since torasemide was given as the first drug in 3 and furosemide in 2 of these patients. It has been shown that activation of the renin-aldosterone system is inversely correlated to the renal response to furosemide (12, (14) (15) (16) . Indeed the group of 5 patients had a trend towards higher plasma renin activity and aldosterone concentration before treatment than the other 9 patients included in the study. On the other hand, since torasemide and furosemide act at the same site of the loop of Henle, their effects should be counteracted in the same way by any increased sodium retention in the distal tubule.
It has been shown that the renal effects of furosemide are related to a stimulation of renal prostaglandin production. In the poor responders to furosemide in our study prostaglandin production was possibly increased more by torasemide than by furosemide. In a recent study (11) torasemide did not affect the urinary excretion of prostaglandin metabolites but, due to the limitations of a single 24 h urine collection the data of this study cannot exclude a role for urinary arachidonic metabolites in modulating the natriuretic effects of torasemide.
Finally, there may be differences in the pharmacokinetics of these patients, which may account for the observed differences in pharmacodynamics (17) . In the study by Brunner et al. (10) the serum elimination halflife of torasemide was longer than that of furosemide in patients with cirrhosis and ascites. The possible differences in pharmacokinetics for the patients investigated in our study remain to be elucidated. Whatever the reasons for the differences observed are, the present data suggest advantages of torasemide over furosemide particularly in patients with cirrhosis and ascites who respond poorly to furosemide. If these data are'confirmed by long-term treatment studies, torasemide could be preferred to furosemide as the loop diuretic of choice in these patients.
